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CHAPTER 1
CHARACTERISTICS AND SPECIFICATIONS

1.1 INTRODUCTIOMN

This manual deseribes the ME | 1-L which 1s a metal oxide semicondoctor (MOS), random access them-
aty (RAM) desipned o be used with the PDP-11 Unibus or speciel buses with reserve addressing capa-
bilicy. The memory assumes the role of a slave device 1o the PDP-1T1 processor or to any peripheral
device that is designated bus master, The M3t 1.1 provides storage for 18-hit waords {14 daca hits and 2
parity bits} and also contains parity conirol circuitoy and 4 contral and status register (CSRY. There anc
four vergions of the MET1-L that arg diferentiated ber che eofal memory capagity availabic on the mod-
ule {Tablc 1-13. Mate thac the maximuwm sonfiguration is 128K (131,072 wards}.

TabMz -1 M511-1 Yersions

Crption Muodule Stnrage
Dexignation lesignation Capavity
hS1-LA MTED1-AA 12K = 1H-hit
MEI11-LE M TEY]-HA H4K w 1RE-bat
MEIL-LLC LY kLt N Y DEK = 1E-hit
MEI1-LIy hETHY-1DA 128K = LB-bu

1.2 GENERAL DESCRIFTION

The MS11-L consists of a single, hex-heighi module (M7821) that contns the Unibus special bus m-
terface. riming and conteel logae, refresh cirenitey and o MOS sterape array. The modube alse conliims
cirenitey o generate and check parity, and a control aml starus Tepisler leSR‘J

The meemory Saring address can be sel al any 4K boundary within the 128K Unihus address space or
2OMER S]:E*:-l.ll brug address space. (Special buses meuhb]ﬂ with the MS | [-L contain 22 sddress lincs
asapposed to 18 Unibus address lines, p The M8 [-L allows the op 2K 4K or BK of the Unihus or spe-

cial hus address space fo be reserved for the /O peripherul pape. Wole thal there is ne address inter-
leaving with the BME11-1.

The memory storage elements are 10384 w0 [-bil, MOS dynamic RAM devices. The MO8 slorags ar-
roy containg 18 of these devices for each 16K bank of memaory: ¢. 8. i 128K menrory comlams 144 stor-
age devices, a 64K memory contains 72 storage devices, U ike core memary, the read operation tor
MOS stotage devices is nondestrictive; consequently, the wrte-afier-read operation associated with
come memory is climinated. The MOS storage devices must be periodically retreshed 50 that che daty
remains valid.

1-1



The MS11-L memory uses +5 ¥ oand either £85 ¥ or +12 v pawer, Since the MOS storage devices
are volatile ¢data 15 net relamed when power is lost), a battery hackup unif is available which supports
ihe MO} power supply regulatoris). Therefare, de power is available to MOS memory only, for a lim-
ited time during an ac power fiure. In the butlery suppart made, power is nsed q:rnlx e rafresh Lhe
MY storage array so thut butlery backup time, and therefors, data retention linie, are maximized. &
green 1LED on the madule slays un as long a5 +3 ¥ power is supplied to the logic requined for memory
refresl.

The control and status register {CSR) in the MS1L-L contains L bits which are ueed tn0 store informa-
Lium in case of 4 patity ermor and congrol certain parity foneticns, The CSE has its own address in the
lup 2K of Lhe Unibus or special bus sddress space and can be read or written into by any device desig-
nared &s bus musler, éven dunng o memuoery refresh cvele.

The parite canteol cirenirry in ethe M5 L1-L penerales ]:urtll.- bils bused om dals being written into mem-
ary durmg a AT or DATOR bus -.,'-n.Ie Une parity bil is assignal L each data byte and s stored
with the data in the MO storage array. When daa is retrieved [rom memory during a DATI or DA-
TTF hus cvele, the parify of (he data is recale ulated and Colnpisted to the stured bits. ¥ the purity bits
correspond, the data is assumed fo be correct: i the parity bils do notl comrespond, the dats 15 assumed
to he unrcliable and the memoery inimaes the lollowing acion:

1. The panty errar bic {bit 15 of the C5R is set tooa logical 1

2 Ared LER on the medule tumns on, providing a visual indication of a parity error.

i

I bt Cam the CSR a5 s, the memory asserts BLIS PB L which warns ehe processor that 4 pa-
ity error hias occurcd,

4. Part of the address of dhe fualty daly 1 reconded o the CSE (Paragtaph 2.3),

1.3 SPECITICATIONS
LAl Funcional Specifications

Capacity
MEIL-LA 3276E (32K words
MEI1-LB 65,536 (04K words
L8-bar words (2 duta hytes with 2 parity hite)
ME]L-LC SR, 304 (K} words
S IT-10F 1AL 0TI ZRK) words

Keflresh Timimg
Cwele ime F0ns (kypical). 10 ns (Taximam)
Kepetition tate One cyile every 143 ps (ypical), 13,5 g (maKiotum )

NOTE
Refiesh cycle fime Is defined as the time inferval he.
tween the asseriion of REF REQ) 1. and the nega-
tion of BUSY L. These slfnals are interoal to the
memory module,



Access and Cyele Times (Tabie 1-2}

Table }-2 Access and Cycle Times

Access Time (ns) Cycle Time (ns)
Bus Mode Typical [ T Typlcal Maximmm
DATH/DATIP (Memomy ARs 415 3la 340
DATO/DATOD (Memaory ) 125 13] 3l 540
DATI/DATIT {CSE) a0 L] : _—
DATODATOR (CER) L] B
NOTES

1. Access time - The tme interval between memory reception of BLIS MSYM L {at the imput of the
receiver] and the sxsertinn of BLUS S5YN 1. an the Unibus o1 special bux,

Cyele time — The lime inberval between ihe agsertion of MEM EEC L and the nepation of BUSY
L. These sipanls are nternal fo the memory module.

L If the memory is aecessed by 1 hus master dunng a refresh cycle (cauning a refresh conflict ), the
daty trunsfer is delaved until the refresh cycle is completed, In the wonit cane, memory access
and eyele times are increased by the cotire refresh time; 570 os (typical), 610 o8 (maximumk Ac-
cess to the CSR s pot affected by o refresh eycle.

3 IT the meddory is accessed by a bus musier momentarily before the sturl of o efresh cycle, mem-
oy eycle aod #ceess Limes are intreased by the refnesh arbitration fioe; & oy feypical), S0 s
(maximum). Acvcess to the USSR iz it affected by refresh arbifration.

LA2 Electrical Specificatinons

Voltage Requiremenis +5V £ 5% max ripple = 02 ¥

+ I3V +100%, -3.3% or + 12V = 5%, maxripple = 1V p-p
I3V L1 or 12V L 0% man ripple = 1V pp

Current snd Power Regquiternents Tables 1-3 wnd (-4

L33 Physical and Environmental Spexcifications

MSIL-La AMTER l-An

M51I1-LE M7E21-BA Aldlversions are hex-height mulilayer, 216
ME-1.C MRS I-CA ® 36 1em (8.5 X 15inch)

WIS L]-1LL MTEG [-Dha

Operating Temperalare 310 507 C (d1%w 1227 F)

Humidity 1 te 95 percent (nonceoddensing )

[-3



Talde 13 Courrene wnd Fower Hequinensmly

Ll

Memury e | svesu CLZYAINY +1IV HI5Y
Ol i Tamaby Avthe
Tap Muon T Mllun Typ M Typ [ Mk Ty Mox
MELL-LA 1ra 13 Lda LiA NS Ll cuh LTS 105 ot dB5 i d ahmA
VEZE = D) U fOw s e E W |G LOBAD 133 | RSB e L2 LN e (1271730 JEADT TR o6 Bl 3L W
MME11-1.K L THA 103 134 mA 1am 4 ETHEE 160 men S35 h 505 .4
(4K % LB) [R5 | cSwy foanwy | o K [ i 1w SCLBSA 2 N | o pE-D L lun;z ERTE .;us_qél.fs_m W E1'.' Ff‘:jﬁz wy
M3 L L3A 1.LhA 1i1 4, 134 1T ma ITma, L1 ma 3 M AtlonA AFImA
IRl = By TR | (ST [(S4 L NI N LR et | 22 0IELWT | (2 AR W [F A PR [TOEMALEIW 2 LT Wy
M511-LTD l_ﬁ-‘l LEA . ||'H. . 114 . 18 rugdy A0mea RZIINTIE- 65 o B0 Ly A
VIMAEC w0 IRE [ (RE W ] R RWD PROW) | ieA W | 2T w G4 WY | FLAESES W) 0304 73w L AT (BB AW,
MUFLEN
L Thee moduly heay imgewts for oo Fomrdes of + 3V pomer doslgnatold +5 YHBA {oglincthe bl lery
Epp Wil and 5 Y [uenl Beaifvery gy ellh, The ool e Blermoces required for the +3 Y and
+ S VBB Inputs mre the sume. The betn| aeslalc eossumpthin oF + 5% gt durlng nemal og-
cradinm |0 Coplal ra rls Aom o ey +5 YV oapd +5 YEBT retcses (Farsgrmph T Ldp
i 1w manilly wpd gy mlings br +57, +3YEBL sl 11 ¥ /15 ¥ are e Aamee
1 Thy muximsm mever milngs bave been coloubaiod uchag et wooesr o »iHbige: Joleciny e,



Table 1-4  Tolal Module Power Requirements

Memaory Stuniry Actlve Battery Backop Maode
Opticn Typ Mux Trp Max Tvp Belux
MEIL-LA 1367139 W] 2.8/ 182 W[ 1E4/19.9W ] 23.5/25.4 W | 6. L64 W B3CE T W
(32K = 18]
Wis11-[.H 14374, 5 W] 1685 19.2W] T8 T200T W] 24264 W BE/TIW oo W
ik = 15)
MSTI-LC [ 15A50W | 192101 W] 198 21.60W | 24 7T/27 3 W L30T W 2104 W
(MK = 18
MSLI-LD (| LS6/064W] 19.9/21W | 204224 W 254/ 28 2W A 130w 0115w
([2RK = 1)

NOTES

1. XXYY = rating when + 12 ¥/ L 15V power s nsed.

2 The mnximum power ratligs have been calenlated using the worst case voltage tolerances.

14 RELATED DKHCUMEMNTS
Additiosal seference infurmalicn can Be fond i Lhe documents lisied Below.
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CHAFPTER 2
INSTALLATION AND PROGRAMDMNING

L1 GEMERAL

This chapler pr:scntg the information necessary for installation and programming of the &8 1 [-L and
amlies to all versions of the memaoTy. Imstailation procedurss include: switch jumper settings, hack-
planl: pla-l:v:ru:nt pml.r.:-r voltape checks and MAINIMEL :r:qtlng Fropramming informatiom includes 4
discussion of bat almgn ments m the control ang status n:_glgt...,r (LCER ) Power voltage n:gulatl-nn an the
madule 15 also disgussed in this chapter,

2.1 INSTALLATION

L11 Switch apd Jumper Configurations

The M511-L conlains 15 jumpers and two swilchpocks; one ssatchpack ventains four swilches (81-1 Lo
51-4) and the ocher contains ning switches (32-1 w 52-1, The location of the nmpers and switches is
gh omrn in I-1gun: 2-1. In nermal operation, jumpers W HEW 10 and W2lkshould be IN. The nLhn:rJurnp
ters are used to specify Linibus or speciab bus operabion, T/0 peripheral page size, and the de pover in-
puls vvaleble to the modale. The memory dlarhng sddress anl TSR address are specilied by the
swilclics,

2211 Memory Addressing
FDF-11 Memory Conventions - The 351 [-L can be wied with the POP-11 Unshus or spemal buses

with reseive .lddn:aaln" ciapabilily. Memory in these compuler syslems is prpanized into [h-hat cdals
words, each -;.I:lul.dmln" twi B-hil byles. These hytes are identified as low ar high, as showmn below.

T T T 1T 1 T ! T T T T
r -:.| EYIL ; LA b TL
(I S TN SR IR T B S :

r [k
" 5.: CATA TR 0 R - LEM

Each byte s addressable and has i own address lovation; bow betes ave even-numbered and high

bytes are odd-numbered. Waords ate addressed by even numbercd logations only. and the high fodd)
brvte for each word 1= avtomatically included.

¥ia the Unibws, 130002 (128K } words or 262, |44 (256K ) byles can be addressed; 2067152 {2048K )
words or 4, 194,033 {«EK) bytes can be addressed wa a special bus, Tach byte location in UTnibuos
memory is specified hy a ﬁ-dlﬁ,it octal numhber, hut with a special bus, $digit octal numbers are vsed.
I'he address range is (NEKNK) throwgh 777777 on the Lnibus and (CAOMKND through 17777777 on @ spe-
cial bus (Figure 2 throwgh 2).

21
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UNIBWS ADDKESS EPACE

SPECIAL BUS ADDAESS SAAGE

|15 Bl ] 15 H ! : ]
|
— 16 BAT WORD — —— 18 BIT WORD —=
| 1
MIGH BYTE | LOW BEYTE HIGH BYTE! LOW BYTE
L] 00000 GO0 (0
pooonz | noangz D0000CC DOBEONGZ
oooans OO0 HIIMIOE [ooogod
g g — e
777773 777777 12333773 127777172
FEEEFL l 777774 1FTFFITh 177777174
FErErr :I TTTETh 17230 AL
ko3 495

Fipure 2-2  Bus Accessible Datn Locations

The memory address decoding logic respomds to the binary squivalent of the nctal addness, The kpary
equivalent of O 7772 15 shown below. The MS1I-L decodes an 18-bit address (A 17-AO0 an the

Lnibus or a 22-hit address (A2]-A00) on a special bus.

APAATRR AITR & 700 T

ETIE
LELECT oM

L)
m MT 25RT Nk

1 o LH "3 11 n e ] [ e -] ™ s oF n

2| EMaRy

(RS T S [ R
SR — —_——
Il]|0’0['.l ﬂrﬂlﬁTu—|0 i 10 | - . 1 1 >
1
c I

v ? ?

I LHIEYE #DIREES

i SCTai VodRL-

I m— - WICIAL OLLS AJDTENS
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The address space on a bus occnpied by 3 memory modnle is determined by the memory slarling wd-
dress and address range. A unigue starging sddress s selected by swaches on the M5 1-L which corre-
spurmdd e address bies A 17-4 13 on the Unihus or A20-A (3 on a special bus, Table 2-1 Lists e octal
geddress ranpges of the M5 1 E-L versions snd the associeted address bas sehich determene the waord loca-
tiom within the module. Address hie A ig used to select @ data byele dunne o DATOR bus oycle.

Table 2-1 BMS511-1. Address Kanges

Memaory Storage Capacity Ohetul Address Associnted
Designation Ranyr Atdress Eiis
WMA511-1LA 31 768 words (85,536 by les) OO0 Q0L 7 TITT A15-A0NH)
WM5IlL-LE 65,530 words (131,072 btes) COCHHXMME) (M TI7T A 1H-ATH)
M51I1-LC 9B, 30 wiords {196,608 hytes) CHXHW AT T7TT AlT-AD
MS11-LD 131072 words (262, 144 [':n_':.'l_m} CO OO0 T 7T A17-A10K)

Memory Starting Addeess Sclection - The lowest bus address which the MS1]-1L responds te is the
memury starling wddress, The stariing address must be assigned o g 4K howndary sithin the 128K 11n-
ibus address spece or 2048K special bus address space. I'Te starting address is assigned by manualty
selling ning switches, 52-1 theeugh 329, w the appropriate positions for the desired location {Tables 2-
2 and 2-3).

Tuble 2-2  Startlug Address Conligurations (Pant 1}

_Parjial Stering $gdress Switch Positjons
Drecimal Octa 52-1(A11} S2-2 (A20 S2-3{A19) S2-4 (A18)
K DORR.0000 QM OGN N N
128K DR B LN O ON OFF
256K OZRROMN O ON OFF ON
FE4K (3R R0 aw O OTF OFF
512K (4R ROCH} N {I°F oM S
HA0K G5RRO000 N Orr ) GFF
TRAK GERROO00 ON OFT COFF o
RU6K BTRR.O000 N OFF OFF OFT
24K | ORR.0000 OFK QN CN ON
152K LHIRRO00O OFF O oM Orr
1280K | 2R R.0000 CHE g OFF ON
IETIEL E3RRO000 OFF 0 OFF QFF
1336K 1 4R R0 OrF OFF ON 0N
THE4K I SRR 000 aFF QTF ) OFF
17K | GRRAO000 OFF OFF CFF O
1920K 1TRR.0000 QOI'F COFF QFF OFF
NOTES

1 RE = octal digits determined by swiiches 52-5 ko 529

4 The decimal addresses Listed are equivalent to the sssociated octal addresses if RR = (0
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Table 2-3  Starting Address Contigurations {Part 2)

Partial Starting Address Switch Pasitions
Devimal Oectal 515 (ALT) 526 (ALlG) SET{A15) S2-B(Ald) S5291A13)
dk SEO000 ON 5] oy ON O
4k SEO2000 ON 5] ON ON OFF
ik SEH0) ON 519 oy OFF )
12K RIE LR O D oM CFF JOFF
16k S5 T{HENH) oM ()Y OFT (]| Ol
200 hi ] 20EHK) oM Qs OFF ON OFF
2K S 140NN 8],9 oW OI'F OrT L
28K EANTELLY ] aw OFT OFF OFF
2K SEMNKXHK) #],9 CFF ON OM L
6K SR 2XHK) ($], OFF ON 8y OrF
A0k S5 240000 9], OFF (IN OFF O
ddi SS 2600 Ok orT LN OFF OFF
AAK GHEILELLY 5] OFF OFF (9], 0N
S2K BRA20HK) CH OFF QOFF 8] OFT
56K R ER L (] OFF QOFF OFF ON
0K S536000X) (N (MFF OFF OFF CFF
A SEA00000 Or'T ON (4], M ON
BEE EE4200040 OFF ON LM O OFF
TIK S5 A0 Ot LIN O OFF ON
ThHEK 55460000 OFF CIM [, OFF OIT
MK 55 5000 OFF 3] 3 OFF O (8]
K bR OFF OM OFF O™ Oor'T
ESK S50} OFF Ok OFF OFF oON
Q2K S558KH) QOFF 519 orr OJFF OFT
oaE S50 (FF OFF O (AN On
KK, S SO OFF Ory i M CEFF
LMK S5A ) OFF OFT 0N FF Ok
108K S5O NEH ) OFF OFF O (IFH CHFE
12K SS 70NN {JFF OFF OFT OM 519
116K S5 THIAN OFF OFF COFF O OFF
120K, S5 TA0000 OIrF OFF OFF QOFF O
124K S5 TR0000 OFF OrF OFF QOFF OT T
NOTES

1. S5 m actal digitn determined by switches 52-1 o 52-4

i The devimal addresses listed are equivalent to the asgociated octal addresses if S5 =



Swilches 32-1through 52-¥ vormespond i address bits A21-A L3 respectively o a special bus; a switch
in the OFF position corresponds 0 8 logical 1 The positions of 52-1 throngh $2-4 specily the startig
iddress 0 a 128K ranpe: 825 (o 52-9 specify the slarting address to g 4K boundary within a 125K
range.

KOTE
Switches 52-1 t0 52-4 should be set o the ON position if the MS11-L is wsed with the PIYP-11 1lnihos.

Linibns ar special bus aperstion of the MS11-1 is sclected by jumper Wt

WAOIT - Unibus aperation
W4IN - Spoecial bos operation

22111 [/O Perpheral Fape Size Selection - 'I'he 1703 peripheral page 15 the address space reserved
for CPLL and peripheral regislers. The M3 UL sllaws the top 2K, 4K or 8K of the Tnibus ar special
hus sddress spacs to be reserved for the 170 peripherul page. The peripheral page sice is specilied by
Jumpers W3 gnd W2l as shown in Table 2-4,

‘I'able 24 Peripheral Page Size Selection

Feripheral Juinpers

Page &ixe L'nTbs Locarion Special Bus Locatlon W3 Wil

2K 120K - 12K 206 - 204HK 1T I

4K 12K - 23K 2044k, 2048 K Ol ™~

Fk TMIK - 128K 2040k - 208K ouUT ouT
NOTES

1 The cemaining jumper configurniion, WS TN uod W21 OUT, should nerver e wsed siece i resnlis
it & periphersad page which §s nol conllbuons,

Z Memory diarmostcs are not compatibe with a ZK or 8K peripheral page (Paragraph 2.1,43

2113 CSR Address Selection  The congrol and starus repisler (CSR}cun be read of written ino via
the Unilms or special bus, even during A memary refresh cvele. Address decodimyp legee 0 the M5 1E-L
specifies the SR address o he range of 77210072136 for Lnibus operaton or 17772100 17771134
fur specied bus operation. Four switches, $1-1 theough 51-4, are wied 10 selecd the exsact CSIL address
{Table 2-5) Swiches 51-1 through 51-4 carrespond to address bils AD4-A0] respectively: 4 switch in
the QFF positicn corresponds to a Ingical 1, The USR s always accessed us an eatire data word since
bit AHD is nor desoded by the CSK address logic, The Unibus of special bus address of the C5R s in
the tap 2K of the available address space.

LY

The CSR address has no relevadee 1o Hie memory
ararting sddress or sterupe eapaciy of the M511-L.



Tahle 25 CSH Address Selectinn

[ ___Switch Fositions

L'nibus Special Bus 51-1 512 EIEE =
Address Address (Al (AD3) (AI2) LADT)
72100 17772100 £ M LI £HN
7TA102 17772102 O™ O 18 OFF
772104 1777210 O i OFF O™
72104 17772104 O (M OFF OFF
TT21H}E 1773721140 O FF ] o™
212 177372112 1N (HF | OFF
204 173721 14 L OFF OFF O
TG 147721 15 T LIFE OFF OFF
TI2120 17772130 OTF £ o 0O
7712122 17772122 {OFF oM o~ OFF
T12124 177372114 FFE s OFF oM
T122e L3772 1206 {F¥ L (FF OFF
T30 17772130 OFF OTFT A N
T3 17772132 OFF OFT 0N OFE
772134 17772134 OFF OFF OrT 0N
712136 17772136 OFF OFF OFF OF1

2114 Power Yollapes - The M5 1-L uees +3 ¥ aml enther = 153¥ o0 & 2V power. Tumpers W |
and W2 arve wsed as lsled below e specily =[5 or +12 Y operation.

Power Jelpers
Voltage W] Wi
=15V o 1M
+12Y I~ OUT

The ¢ivenid shown in Fagure 2-3 yields + 12 ¥ and -5 ¥ which are designated ¥ and VEB respee-
tively and are rowtad o the MOS storape armay. The major components of the cirowt are (31 an :FE}I
which are three-terminal voltage regulators. Regululor Q2 produces + 12V rom a + 15 ¥ module in-
pul and 031 produces -5 ¥ from 2 15V or 2V module inpul. In nurmal vperation, wollage drops
avries B 1 and B3 arc negligible, Fuses Fl and F2 provide cucrent overluad protecton and zener diode
D5 provides overvoltage protection. It an overvoliape condition occurs. DS conducls so that VEE 15
clamped o —6.8 V. Nute that if the modube operades with £ 12 ¥ inputs, the outpul of G2 15 nol wsed
but curfent Dows [rom the module input via Wl The L£15 Vs L 12 VW module inpuls are bultery sup-
ported during an ac power Failure if 2 batbery backop unil is present.

The moduic has inputs for two sources of + 5 ¥ pawer, designated + 3 VBBU and + 5 V. Jumpers W3
and W7 aTe agsociated with the + 5 VBEBL and + 3 ¥ inputs and are configured as follows.

J nmpers
Power Vollapes W3 W7 | Cothrivints
+3Y¥ and +3VBRO | OUT I'N Mormal confignration
+3 % only I~ OUT | Usek if prwer is wvailable at the + 5 % input only.

-7



= W1 F1

1 7 /"—_n': VoD
+1SY TV > _i_ e f <o TO MOS )
+ ETORAGE
{:101‘ 3o 13V ) ARRAY
1 R1
VOO MAR ¥
a s F2
R TTRL- TR _L m 7 _i_ g VEBE
T+ 5w A8 DB { 1o mos
¢ vl Ve=BEV | g1 HAGE
1 E A L ARRAY
VEE MAR = 4
=
}_.
LB — { TO MOS STORAGE
P JEY NGR | ARRAY AND AEMAINING |
l L MEMORY LOGIC !
N3 ! ;
+BYERL -— +5Y CR
Wi o7 II'TDLGGH: REQUIRED |
| FOR MEMORY NEFRESH |
ATG
MOTES:

1. A5 SHOWN, ‘W1 AND W2 INDICATE £1BV OPERATION AKD
W3 AND WY INDICATE MOOULE USAGE (FF +BY AMD +EYWHBLL
JUMPERS W3 AMD WT SHARE A HOLE O THE MODQULE S50 THAT
BOTH JUMFERS CAN MNOT BE (W AT THE SAME TIME.

2, IMPUTS vOD MAR AMD WEE MAH ARE USED AT THE FACTRY
TO MARGIN THE MEMOAY (1M £16% OPERATION QNLYI,

wha 7alkh
Figure 3-3  Power Yoltages
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With W3 QUT and W7 TN, power iz routed from the + 5 ¥YBBU inpul W the lopic required for memory
refresh; power from the + 35 % inpud is routed to the MOS storape array and the cémainims metocy
legic, The +5 VBBU input is battery supported during an ac power failure if & bateery backup unit i
present. In the battery suppont mode, power is nsed only to refresh the MO storage array sn that bat-
tery backup time and therefore data rerention time are maximized. (The MOS8 storage dovices do nog
require + 3 ¥ power during a refresh ¢yele.) Note that in imost systems, power is supplicd o the +35 ¥
and + 3 VBAL inputs cven if the battery backup unit is not wsed, With W3 IN and W7 OUT. the
power distnhution lines om the modude for +3 ¥ and +3 YBBU are jomperad fogether and the +5
VBB module input 3% discomnected.

A preen LED (D2) stiavye om g long as the logic required for refresh cecerves power from either the + 3
¥oor +3 VRRU input. The MS1I-L shauld net be extracted from the hackplang when the green LRl
15 (3N, cven in battery support maode.

211 Backplune Placement (Unibus Operation Only)
The M511-L should be mserted imle any slol in o backplane which contuns mudilied Umbus cun-
nectors 1 sections A and B, For exumple:

Ll 1-TME Slors 3-8
D lE-DE Slots 2-E
DT E-CK Sluls 2 and 3.

The M511-L is companible with all medified Unibus parity or nem-penty memories. The M511-L dacs
not requirc an MBS Parity Controller: howeser, an M 7850 15 reguired lor other panly memornies that

muy be i the same backplanc, The prescnce of the M 7850 does not aflect the MS11-L. The buckplane
connechons used by the MS11-1. arc listed in Table 2.6,

223 Power Yoltage Check
(inee primary power has heen wrned on, the de power valtages listed below should he checked ac the
buckpluns.

¥nltage and Tolerance Backplune Pin{s)
+ 5V + 3%, max ripple = 0.2V pep AAYX BAD Ca2
+EVBRL = 5% max ripple = 0.2V pp BIx1

{unly 1F jumper W7 iz IN and Wiz
COUT oo the modulg)y

+I5Y + 10 -3 or + 12V 5%, AR1
max ripple = 1 ¥ pep

15V £ 1FRor 12V - 100, AS1
muxnipple = | ¥ p-p

224 MAINDEL Testing

The lellowing diapnestie program should be used with the MS11-L: 0 128K Memory and Memory Pa-
ity Exerciser {MATNDEC-11-CZ0OMC). Ta verify proper operation of the memory, fen two passes of
Lhe diagmostic. Mo errors are permitted. Also, verify that the program printour ageees with the total
memory in 1he syslem.
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NOTE

MAINDEC-1I-CZOMC disgoostic Is compatible

with

a 4K 1/0) peripherul page only (Pacagraph

2211

13 CS5R BIT ASSIGNMENTS

The caontrol and status tegister (CSR) in the MS§1-L allows program control of cerlain panly funcleons
and contains diagnestic infermation if a parity crror has ooceurred. The CSR s wiitgned an address and
can he secessed by a bus master via the Unibus or a special bus, even dunng o memory refesh cyele,
Some CSR bils are cleared by the assertion of BUS [INTT L. This signal 1s ssserred for a short tine by
the processor After SYSTCm power has come up or in response Lo a reser instruction, The CSR bit assign-
ments are dlustrated in Figure 2-4 and are described as Tollows:

RTATTE SFGIRTSE AITE

ap -y
rnnmn

TITTIITIITT 1

hir
LGz

El=an

Bis |, 3,4, 12, and (3

Bat 1)

Hit 2

Bis 0311

LTEIL AL

al?  alg wid eid &7 A2 Al kAT

w r ] T ] B ] ] LEE: l'ﬁ‘ 2
[ u u At &0 Al Az
v ———
ROT L L He | NMIIE EH =:dH
1EE Aalxdnoiy Lmn L N “wL.
St He el 18

Figure 2-4 C5R Bil Assignmonts

These bits are mot wsed and are always read as logical 0 Wolng into
thisse hits has no effect on the C5R.

Error Indication Enable - This bil, when sel (logical 1y albows the
REN-1. to azsert BLYS PB L when dara i refrieved from memory if a
party error has been detected, This biccan be read o loaded by the pro-
gram {read Swrine big) and is clearcd by BUS INIT L.

Wirite Wrong Parity - This bit. when set. sauses the MS11-L to gencrafe
the wrompe fincorreet) parity when dut is wrellen into memaory during 4
DATO or DATOH bus cycle. A parity #rror should Lhen be delected
when this dati is rewad -:]un.ug_ a DATL or DATIP bua cycle, The bit is
nsually set for diapnostic purpoeses and should be cicared (logical () for
T Al GPCEAtion (eorrect parity gencrated ). Bin 2 s a read Swrite bit and
iz cleared by BLIE INIT L.

Lrror Adidress - Onee 3 panty ercor has occurred, these hits conrain a
partind address of the fauliy data which ¢awscd the panity crror, In
Unihus aperatiom, gddress bits A 17-A1L are in CSR bars 11-05 respec-
tively, specitying the faulty data locabon Lo a [K segment of memory. In
spegial hus aperation, the address hiw placed in Bils 05-1 1 are deter-
mined by bl L4 Bits B3- 11 ure read Aenie bis und are not cleared by
BUS INIT L.

18 ]
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Bit 14

Bt 15

Spetiel Bus BErmor Retneval - This bil, when sel, causes the MS11-1. to
place A21-A1R of the faulny data location inte CSE bars 08-0%; Lopgical
Os are placed in bits 1179, Address bits AI7 ALl are placed o bals
11-0% when Bic 14 is ¢learcd, In special hus operation, bit 14 is a
read write bit and is clearcd by RLIS INTT L, In Unibws aperation bit
14 iz a read-only bit and s abways 5 logical b feleark

NOTE
In mormal special bus operation, bit 14 should be a
logical . If a party ermar has occurred, the pardal
address |A21-A11) of the fanliy dara cam be re-
trieved using the following seqrence.

l. Read the C5R with a PATI bus cycle ro ob-

tain A17-A11, Bit 14 should be read as a log-
ical 0.

. Write & loglcal 1 In bt 14 of the TSR with a
DATO s ercle.

3 Read the SR with 2 DATT bus cycle to ob-
tain AJ-ATE But 14 should be read a5 a log-
icul 1.

Panity Error Bit - This hil, when aet, indicates that a parcily error has oc-
curred and abso lums on s red LED en the module. providing a visual
indication of a parity ermor. Bt 15 15 v flap, botat does niel cause o parity
error trap in the processor. This bil i o read /wrile bil and s cleared by

BUS INIT L.

- 12



CHAPTER 3
THEORY OF OPERATION

31 GENERAL
This chapter containg functional and detailed deseriptions of the circuitey 1n the M5 1-L. The desconp-
tirms in this chapter ure supported by the M5 11-L Field Muntenane: Pont Sel (MPOOAT2)

.1 MOS STORAGE ARRAY

ALl 16K MOS RAM Chip Description

The MOS storape devies used 10 the MS11-L is o 16384 > 1-bit, dynamic, random=-access-mettosy cirs
cuel. The curcwrt 15 packaped it a standard 16-pin DIF (Figuee 3-Lr Timing diageams for the read vvele
and wrile cycle are shown in Figures 3-2 wnd 3-3.

Tospecily a data location within the chip, 14 address bits are requirgd. The 14 address bits are moulli-
plexed. seven ol & Lme, onro the Ad Al inpurs and are larched into on-chip address regisiers by fwo
signals, The frst seven bits comprise the row address and are latched by asserling the RAS L (Row Aul-
dross Strobe) signal, The ather scwen hits make up the column address and are latched by asserting the
CAY L (Colomn Address Strobe) signal. The intermnal timing chain of the chip s started at the negatoce
transiivn ol BAS L.

ves 1 C]e [ 116 Ve
Oy 2 [ 116 CASL
WRITEL 3 [ 114 ooy CHIR SURPLY VOL TAGES
VOLTAGE OPERATION
AASL 4 IZ2  AG
- ) WO + 12 Vil
VLG = b ¥dg
AL - 112 A WEE Graund
WHA Ry
A2 &[] 111 a4
al 1] 10 As
Yoo &[] ] B Ver
LA AT ried

Figure 3-1 16K MO5 RAM Chip
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AAEL TN m

Cas L ¥in \ ;
: u
I
ADDORESSES
Vi
Vi - COLUMN ADDRFSS
WRITEL 7 5
YALID DATA
s YIH ——— HlZ i 7
OUT y,, T ST,

kig SaInn

Figure 32 Chip Read lNiming

y
R4S L vIH “ _‘,-"—_'“_\‘___
I

YIH
CAS L ™ '\ ,.-"

Y _._1'.- AW ADDHESS
ADNAESSES 'H X X ":( H '_;(
'l"riL
Vi COLLIMY ADDAESS
WRITE L ‘-’-L Y /
YiH

MMy x X

o ARET

Figure 3-3  Chip Write Timing

For a read eyele. the WRITE L signul must be high duning the enrire timc that CAS L i3 assertedd. The
data is availahle oo the 19 OUT Hne af access time (135 ns max, afier CAS L s ssserted) and remains
valid until CAS L is negated. The D OUT ling is driven by a tristate buffer and is in a high impedance
{open cireuit) stale when 2 valid duta gurpat is pot presenl.

A write cycle is specifled if the WRITE L signal goes low before CAS L is asseried, The date on the 13
IV line is strubed into an input buffer by the negative ransiton of the CAS L sipnal. Since the D OUT
linc Temains in e high impedance stale during 8 write cycle, the 1IN and D OUT lines can be tied
topether o form a comman fnput/outpul bus,

3-2



The MOE chips must he periodically refreshed so that data reriuns valul. The dale o localions speci-
fed by the row address is refreshed duning u read o write eycle. Siece a data locaton may be ad-
dressed infrequently, if at all, dunng normul réwd fwrile operabions. a RAS  only refresh cvcle is
imitiated b the MS1I-L approanimately every 14.5 s, A differcnr row addeess is 511pﬁhcd by the MS11-
1. during cach refresh cycle 5o that dath in all 128 row addresses is retreshed in Jess thun 2 ms. The chip
does nat requite a VOO inpat { + 5 ¥hduring a refresh cyvele.

12} Setorapge Array Organization
The storage array in the M311-L. coniains up w1484 16K MOS RAM chips, providing storage for up to
125K 15-Bit words 2 data bytes and 2 parity bits) The number of chips in the array is difficrent for cach
version of the M511-L., The sworage array for 4 128K memory is shown insheers 11 [d of the prine set.
Each sheet shows 32K of memory.

A bunk of 18 chips s allocated w each 16K bank of memory: c.g. & 128K memory contains 8 chips for
such Uate aml purily bit (Tables 3-1 and 3-2% Parivy for the high and low data bytes is written into the
array via FDEITH and PO 16 H. The teo pacicy bits are retrieved via PDO LY H and PDO L6 H. Darta is
writlen into and reteieved from the storage array via she DAT <2 1RO0> Hlines. The D OUT and DN
limes are ned topather for chips that seorc data,

Table 31 Dats Storape in Amay

Drala Storape Chips Aasoc]ated Chip Eopaut Lines

Memory | High Byte | Low Byte | A6-AD CAS1 |RASL Write 1. Linen
Bank {Hits 15-08)] (Biis 67-00)| Lines Lines |Lloes High Byte | Low Byic
16K EERTEM [ E9 EIO2 [ AA=<7-121. |CASOL [RASOL | WTBIZL| WTHTOL
Th-32ZK EIG-FEI) | EN-ETI3 p AA-7-1> L|CASIL|RASIL | WTBT2L| WTBTIIL
324K |EBIXM-EI127 | E12B-E135 | BAT-1=L | CAS2 L |RASZIL | WTHT2L| WTBTOL
43-6d4K | EI3T-Cl4&4 | EJ45-EI52 | BA~=T-1»L JCASAL|RASIL | WTBT 2L WIBTL
6-BOK | EIS3-EL6D | EI6I-El6Rk { CA<7-1=L |CAS4AL|RAS4] | WiBr3L| wWTBT11
B0 .96K | EL70-EL77 | ELTS-BI85 | CA<T-1=L |CASSI.|RASSL | WTBTAL| WIHT 1.
A5 112K | EEST-EL94 | EI95-E202 | DA~T-l~L|CAS6 . |RASGT | WTBT3IL| WTET 1L
1T2-128K | E204 E211 | E2IZ E21% | DA=<T7 I=>L| CASTL|RASTL | WIBT3L| WTIBTILL
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Tahle 32 Party Storage o Array

Parlty Storage Chips Assoclated Chip Tngid Lines

Memory | High Brie| Low Byie | AG-AD CASL RASL Write 1. Lines
Hank thit 17y | {bit 16) | Lines Lines Lines HighByte | Low Brte
O-16K ET? ER5 PA-?-1=1| PUASOL | PRASOI. [ WTRT2L |[|WTBTGL
15-3JK | E76 E&4 Pa=7-1=L| PCASOL |PFRASIL | WTHT2ZL |WTBTDL
48K | EYS b33 PA=C7- 121 | PCASTHL | PRASZL | WTBTIL | WTBTOL
dE 4Kk | ET4 Es2 PA=2T- 1L PCASIL | PRAS T WIHT 2L | WITBRTOL
3K | E73 EEl PA<T 1=L| PCASOL |PRAS4L | WTBT2L | WIBTOL
By 98K | ET2 E&0 PA=<T 12=L| MCASOL |PRASSL | WTBTZL | WTBTOL
96 112K | ET] EMS PA=T 1=L} PCASOL | PRASAL | WTBTZL | WTBTOL
112 128K] ET ETH PA=7-121.| PCASOL | PRAN 7L WTHI21, FWTBTOIL,

The remaimng input sipnals tegquired by the chipe are peneraied by the MS1I-L lopic. These simuels
are distrrhuled e the areay vin 4 anmber of inverting line drivers, duc o fanout considerations, The
number of drivers is different for cach version of the M511-1. Sheets Y and 100in the print set shaw the
£4 drivers used in a 128K memory. The signal distnhution ia the 28K array 15 summanzed below.

. The multiplexed row nddress and column address signals arc ronted to all the chips in the ar-
tay by five groups of seven lines.

FJ
'

{Ine Column Address Sicube is touled 0 all the chips in the array hy ninc lines.
3 Omne Kow Address Strobe i conred to each 12-chip bank by two lincs.

4. One wnte byte signul is rowted by two lines to the 72 chips which eamrespond to each byle
{dula wod paaricyh

During a memory data cycle, he [B-chip bank which containg the desired word iocation is enabied by
asscrting the appropriste Row Address Sirobe. Chips thet do not receive an asserted RAS L signal, do
not cyele internally, remaining in A low-pawer (standby) sale.

13 FUNCTIONAL DESCRIPTION

A block diagram of the M511-L is shown in Figure 3-4. The memory is compatible with the PDP-11
Unibus or special buses that have 22 address bits. Unibus or special bus operation iy spectfied by u
jumper on the module, Data cvcles are initiated by (he bus master; refresh cvcles arc initiated within
the menary,
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The address devode logic determines if an address on the bus is wsigned w0 the CSR or MOS storage
array in the MS11-L. The address decode Legic also checks BUS DO LG L (gencrated by the computer
paseer supplv] and S5YN 1. Access wthe MOS stocege armay 35 prevented if RUS I LO 1 ar 88%YN
L iz asgerled or if dhe bus address is within the [/0 peripheral page. Access w the CSR is prevented o
BUS DC 1.0 L is asseread, It Unibus operation is specified, the logic associated wilh address bits
A2l A3z disubled. Therefore, the assigned CSR address and address space reserved for the 140 per-
ipheral page are aulomatically in the Unibus address space.

With BLE MEYN L asserled, the address decode lngic enables bus master access to Lhe stotape acray
by asscrting MEM REC L. The Loung Llogic then intbtiates a memary data cyele if the memory is ool
husy. Timing signals and address information are used by the address mox and RAS pencration logic
ta provide the row address. column addeess and Row Adilress Strobe 1w the array, The Calumn Ad-
dress Brrohe 35 provided by the timing logic, Address bits AT und A 18 muy have heen modified by the
address deonde logic to provide NALT and KA lé These two lines and A 15-A01 are latched in and
apecify the data location in a 128K MOS8 slorupe array as follows:

MATTMATEALS Select Lol & RAR signals to he asserted which in
lurn enubles the [d-chip hank that contains the de-
sited data location

A LAl {olumn address
} Collectively select the desired word lneation within

AT-ALL Fow adidress the enabled 18-chip bank.

Control sishals on the bus {C0 and Cly specily the type of data ransfer (DATIL, DATIP, DATO or
DATOEY [f a DATOR cyele is specified. address bit AN selects the byte 10 ha writlen, The data path
contro] logic wses s sipnals €0, C1 and AN o conjunedor with address deeode and tming signads 1o
comtrol che flowr of data o0 the module, Bignals BLG S5YN Loand S5YMN 1L are also controlled by the
data path contro] logic,

For a memory data eyele, OO, C1 and AO0ar: latched-ine 16a mamory write oyele (A TC or [2DATOR)
ig speeified, data from the bus s channeled o the DAT =015 0= H lines and latched. Two parity bits
are penerated based on the data (pne pariny hit for cach data hyte), The apprapriate data ytedz) and
parity bit(s}arc thon written inw the desired location of fhe MOS storage array. It a memory read cvels
fIIAT] ot DATIPYis specified, the two data bytes and pacety hite are recneved from che desired location
m the storage array. The parity of the data is reculealated and compered o the rermeved parite. The
tata is then placed on the bus and 164 parity eoror 15 detected. the parily pendcheck lugic imlules the
fullowing sleps:

. The patity ecroe bit (bit L3) o the C3R i3 sct to a logical 1.
2, A red LED an the modulbe turns on, providenyg a visual indicalion of & patify ¢mmor

3. IbirOin the CSR s sct, signal BLUS PB L s asserted warmueg the CPU that 2 parity crrar has
occnered,

4. A partial address of the faulty data is stored in the C3R.
The wrile byte sighals specify a read or write operation for the MOS chips in the sy that are associ-
aled with each biyte, The specificd operation is carried owl by the LBchip bank for which the Row Ad-

dress Strobe and Column Addross Strobe are asserted. A TRATIT bus cyele invelwing memory data i
execwlad in the same manner as 2 DATI ovole.

6



The contral and stelos remster (CSR} allows program comirol of cerlein parcily funcions and conloins
dimmuestic mleemation ol & pancy eeror has cocureed. The address decode lopic enables bus master ac-
ciss Lo the CS5R by assernng CSR SEL H, TSR 5EL L and then MEYMN H. The wuming logic is not acti-
viled fora datd transfar involving the CSR, Therefore, che C5R ean be aceessed dwning a refresh cyele,
If bwas sigmals C0 and C1 specify a write cyele ([JATO or DATLIE), data from the bus is channeled to
the [3AT=215-061= H lines and clocked into the CSR. A DATOB bus oyele 15 executed a5 o DATO
cvele, IF a read oycle (AT or DATIPY 15 specified, information from the C8R is channeled via the
data path cireuit to the hus. The information placed on the bus for ki 1141514 determined by the data
path control dogic in accordance with CSR hit 14, Error addreess information {A17-A11) ar data pre-
viously wricten nte the (5K s retrieved it OS8R bit 14 i5 cleancd, keror address bits A21-A 18 arc re-
trievied 11 it 1415 set. Forspecial bus aperation, CSR hit 1445 a read Swrits bit bot for Unibus operation
it 15 3 rend-only hit which is always cleared. & DATIF Bis cyele is exceuted as a AT cycle,

All MA28 chips in the storsge armay are periodically refreshed by o specially-rimed, RAS-coly, refresh
cycle. An oseillator in the refresh lngic is used to activate the timing logic for a refresh eyelc every 14,5 ¢

g 1 the memory 15 ool busy, In porordence wath the Bming sipnals. the addreess mus chanoels the te-
ﬂ'esh address to the acray. and the RAS generation Llogic asserts all eiphil Row Address Strobes, For
each chip in the armay, the Tefresh adrln:as is |r1Le1'|1-r¢r.|:-j A% A pow address specifying 12¥ daty cells that
are refreshed in & :vn:]: Afier cach refresh cyele, the address i incremented by ome. Therefure, & dif-
ferend address 15 used during each sucressrnae refresh oyele so that all 128 row adtlresses are refreshed in
less thun 2 ms. Wole that the Cwlumn Address Steebe und wmte byle signals are mhibuled.

A4 TIMING LOGIC

The tming logte, shown in Figure 3-3, gencrates # sequence of signals that cavscs the execution of 3
memary data eyele ot retTesh eyele, To indtiate A memory data cyele, the address decode logic must as-
sert Mihd REL) L, Toinigate a refresh eyele, KEF KEQ | must he asseried by clocking a Jogieal 1 inoe
Ffi-H at the lgading (rising} cdpe of REF (LK H. The timing logic is not used to execut2 & dara cycle
mvabhang the CSE.

With RUSY L negared. the assertion of MEM BEQ L or BEF EEQ L causes T23 pin 3 e go hagh. Ca-
pacitor O4 discharges, D14 H is assented triggering the timing chain, and BUSY L js asserted. Signal
BUSY L remuins wsseried until the end of the cyele and therefore, the sart of annther cycle i pre-
vended until the present cvele s compleled. Memory dote cycles and refresh cycles are executed on a
first-gane Aicst-servs basis,

Fur a rerresh cyele, a logical tis clocked into Bé-A at the leading (rising) cdge of E23 pin 3; a logical 0
s clocked into Te-A for a memuory data cyele. Therefore, HEF H, REF L, REF BUF H and REF BELF
L ore asseried [or o refresh :.].--;.Jt umly. Note thal Fé-A ix cleared ai a Iut:r time in a refresh cycle and
therafore, BEo-A always conlaing ll*E]LH] 0rat the end ol a cyele.

The tiggering of the Lrnimg chains deluyed from the beginning of a eyele but the delay is lonper for 4
refresh cycle lhun fir o memuory et cyele. For a retresh oyele, the € owput of E6-B inhibits ET pint B
fram Enmg tow, whes E7 pin B poes lew. Capacitor C4 discharges through a higher resistanee (BT as
rprpesed to R72/RDD) so the discharpe time 15 longer. Therefore, the tnggering of the timing chain is de-
layed an cxtra 30 60 ns for a refresh owle.

The uming chain is generated by a 200 ns delay ling {E1B). The trning chuin is tiggered by the lcading
{rmnﬂ}mlgt vl DL T H which i5 applied to the input of E18, The positive-edged signal travels down the

delay Line, appeanng sl the taps alomp the wav. Feedback derived from the DL 10H tap is nsed to Lrun-
cate DL DH, resulbing in o 230 oy pulse width. Therefore, pasitive pulse, 230 ns wide, appears at each
delay line tap with the 1aps spaced al 20 ns inlervals H].l.lnL the line.
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The vming logie prowduces §3 sipnals that wre used by other seclens of the memaory logic: 10 of these
*ugnu]s are liming chain outputs. Signal DL 017 i« lehlljl::tll ame culpul of (he H.Eﬂmg chain, The other
nine are demved rom vanows pates that sre contralled by the delay line taps and DL OH, Signals REF
H, REF L und REF BUF L which are centrolled by E6A determine whelher the timing chain canses
lhi: exnecuion el a relresh cvcle or o memoery data cvcle.

L4l Memory Data Cyele Exceution

Sirnals REF H. REF L and REF BUT L are nepule] s the hming chain executes a memory daly
ovele. The date path control logic determines it u DATL DATO or DATODB dula lransler i pl:rfun.un:d
ﬁ. DATIF dala transler 15 interpreled s o DATL The wming [oc hese ¢ycles 12 shown in Fiauces 3-8
and *7 The fimeng chain owipurs, except DLTI H. are listed below with a functional -.1c:3m|puc-n of
their effeets during A memory daca cyele. Signal BLT3 H s wsed far a retresh ovele onldy.

ADD LATL This signal, whan asserted, caunses the addross mux to luich in ke row address and
golumn address, and also enables the RAS poneration logic o assedl 1 of 8 Row
Address Strobe signals,

DM LATL This sipnal. when assered, is nzed by the data path control and RAN generation
lopgic o latch in the following address and concrol signals: Ca, C1o ADL NATT,
MNAIGand Al% I0a DATO or DATOE cperation is specifiad, this timing signal iz
also uged b the data path circnie to latch in data from the bos.

NL2LNDLOH These sighals are nzcd o control the address puy, The row address is placed an-
limg noril the IW. 2 L pulse appaars. The column address is then placed on-line

from the Icading (falking) cdpe of [¥1. 2 L until che traeling (falling) edge ot [¥. 0
H.

CASH This sipmal 15 the Column Address Stnobe that s routed 10 alk the MOS chips i
the array by inverting line drivers, When this timing signal is asserted, the onl-
wmn address is latched mto the 18 chips that are enahled by the Ros Address
Strnbe sgnal.

DAT . EX H [ta IDAE operation s specificd, the assertion of chis dming signal results in the
aseertiom af 124 TA O 1. by the dats path control. The {ristate putpuls of the
data-aut latches mm the daca path are then emabled.

DLTe H,DL 6 L It s 1JAT] pperation is specitied, these zignals, when argerted, cnable the parity
checking citcuitry in the parity gendcheck lngic.

DLTi II ITa AT ar DA TR aperation is specitisd, the Icndmg [nsmg_] cdge of this sig-
nul caukes the duta path control logic to assert BUS S5% N L oand S5¥ ™ |

121 2 L.IYL.TA H It a DATT operation is specilled. these signals are used by the dule path contrel
logic to gate the following sipmals: BUS S5YMN L, 85N L, QLT EN L and QLT
EmM 11 These data path control outputs ane asserted al the trEuIlnfr (rixing} edae of
DL X L. Drata [rom the storape armay i lalched in by Lthe alu-vul lutches, and lhe
line transceivers are enabled placing data on the bus, Ar this time. the parity
gen cleck lopic indtiates certavm steps if 4 paricy error has been deected.

342 Refresh Cycle Execution
Signals REF H, REF L and REF BUF L are asserted s0 the timing chain executes a refresh cvele {Fia-

ure 3-8), These three signals disable the data cycle funciions of the timing chan and enable the refresh
fupctions as follows.

3-8
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REF L.

[Pisables the selection of the row address and columo eddress by the addness mox.

2. Disables the decoding of WALT, MAls and A 1S by the FAS gencration logic.
3, Disahles the cifcel of the timing signaki on the following dwta path conimol ontpuds: OUT EN
H, LT EN L, 55YN L and BUS 35YN L. However, these onrputs can still be asserted in
reaction to o data lransfer involving the C5R.
4. Drisables the circnitry which rcacts t0 & parity error.
REF BLF H
1. Inhibits the assertion of the write byle signals by the dat path eomtrol logic.
2. Inhibits the asscriion of CAS ITand AT OC EN H by the timing logic.
REF H
. Inhibits the assertion of 1M LAT L by the Lming logic-
2 Enables the address muoa o select the retresh address when DL O H is assarted.
3.  Enables the RAS generation lopic to assert all sight Row Address Strobes when DLT 3 H s

agreTied.



Timing chaimsignals DL 7 L and LTS H are wsed in canjunction with REF BUT [T to producs o clear
pulse for Eé-A and E6-B (Figure 353 Flip-Flop Ef-A, in tum controbs signals REF IT, RET L. REF
BL'F H and REF BLIF 1. In preparation for the rexr memary cyelg, these tour signals are negated

when Ef-A and Fé=RB are cleared at the trailing (rising) cdge of 2. 7 1. Signal EkF RECY L s also ne-
gated at this time.

35 REFRESH LOGIC

The refresh logic. shown in sheet Gof the pont set, generates REF CLK H and the refresh adidress. Sig-
nil REF CLEK H s denived [rom a 555 tmer (T35} which s sel up a5 s free runming cscillnlor, poverced
b thee + 13 %/ + 12V module inpot (¥-533). The REF CLK H sipnal osvitlales wilh 2 peeeried of 14.5 ps
and hias 4 positive pulse widrh of 6 ps during each period. The ]::..ulmg I,’mmgf,l edee of REF CLK H i:
nsed by the lning logic we asserl RCF REG L wnd therefore, RCTFREG L iy wsserted vnee every (4.5
[1L8 5|.g,|1&! REF R‘.EI.]II L. when usserted, imitiates u relresh L-'I-'Lll'_' 1f the mermory s nol busy. T the mem-
ory i husy, the refresh cvele is delaved until the present L-_'r'-l.-llf 15 completed {Furdj_.,raph 54

The refresh address is generated by u dual, 4-bil. binary counter (E43) which s wired L lunction ws a
ainglc #-bit ecqinter, The eighth bit ar E43 pen B 35 not wsed, The 7-bil sefresh addeess 15 i the range of
0-127 and is incremenwed at the frailing (talling) cdge of REF CLK H after cach refresh evele. The
incremenied sddress is then wsed during the next refresh cyele. BEach data cell in all the MOH chips s
periodically refreshed in lest lhan X ms (once for every 128 relresh crcles).

36 ADDRESS DECODE LOGIC

The pddress decede loge, shown in Figure 3-2, delermones il en addreess on the Toibus special bus 1s
assipmeal W the C3R ur a memory lecation i the MS 1 L-L. (Addressing conventions for the Tnibus und
special bus are disvussed in Parapraph 2220005

Line reenvers (R640 ) and transceniery (B 1y accept A2 1-A LM from a special bus or A 17-A] [rom the

Linibus, 1o Unibus operation. pumper Wd is OLUT, the revervens [or A2 1-A L8 are disabled, and UNTE
. is asscred.

Tor derermine if the CSR 18 selecied [or o dule transfer. the hos adidreess 18 decoded by the combination
of compagator B34 and the following gates: E52. B33 B33, E&) and E4% With UNIB L asserted [or
Lnibws operation, E33 pin 3 ts held high and A17T- A0 are decoded. [n special bus aprration, the sigs
nal tevel at E53 pin 3 05 determined hy A21-A1K and therefore A21-A10 are decoded. The CSR
gddress, assimned by S1-1 140 51-4. 15 i the ranpe of TI2H00-7T2136 for Unibus speration or
P21 17772136 fur special bos operanon (Paragraph 2.2 1.3 For each mode of operation. C5R
SEL H and CSK SEL L are asscricd if an address on the bes matches the assigned CSK address,

O the Unibus Sspecral hus, BUS [0 14 1. s negawed as long a3 + 3 % power is rebiable. With BLS [
L L negated, the gddress decede logic generates M5Y MW H sehenever BUS BMEY M L is gsserial. Wilh

CSR SEL H, C5K 5E1. 1. and M5 ™ H asserted, the M511-1 responds tea data transfer involving the
i5R.

lumpers W3 and W21 are used o specity the 1/ peripheral page o the top 2K, 4K or RK of the
Unibus or special bos address space {Paragraph 2.2.1.2) If the address on the bus is within the
peripheral page, the output of Edbis low. The CSKE address is always in the top 2K of the available
address space.
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In special bus operation. A21-A13 are decoded by Eé6, E6Y and E53 to determine i a memory Lot

tion asslgn:d to the A5 11-1 15 selected for a data er.m.fer Device Bo6 18 & 256 # dabin, pr&gramma ble-
read-only memory (PROM ) und L67 wa K » 4-bit TROM. The ® and $2 ovtpues of both FROMs
are wsed 0 devode A21-A13. The address space on the bus eccupied by the memory madule is deter-
mined by the memory siarting address apd address range. Switches 52-1 throoph 539 axgipm the starr-
g address to a 4K boundary in the bus address space (Paragraph 22,1 Iy. The condent of EAT is
related to the memory address range and s therelore differend [or each version of the M511-L, How-
ever, the content of E66 s the same for ull MS11-L versions. Il an address on the bus is within the
address space nocupied by the module, the O outputs or 02 vulputs ge hiph and B33 pin 11 goes high,

In Unibus operation, logieal Os wre presented e B66 for address bits A21-ALS since the cotresponding,

lime receivers have been dizabled. To respendl correctly (0 Umbus memory addresses, 52-1 through
824 should be QM.

The address decode lame enables hus master aceess o o memory lecalion on the modole by assertinge
MIEM REQ Loal B39 pin 6 Sipnal MEM EEQ L s wsserted providing the following conditions are met:

[, Gute D33 pin bl 15 lagh, indicating thet the addeess on the bus s assigned w4 memory loca-
tiwen on the medule.

2. The outpwt of E& is high, indicating thal the address an the bus s not in the 170 peripheral
[PRES

3 Signal MS5YN H 1= wsserted, indicaling Lhal BUS MEYM L s asserted and BUS DC LOL is
negiled.

4 Sigoual S5YN L i neguted, indicating that BUS 35YN L 15 not currenily assecied by Lhe
MS1E-L. All prioe communication with o bus master 13 Anshed.

Signul MEM REC L, when asserted, imbiates a memary data cyvcle if the memory s not busye. It the
memary is sy, the memory dita c:'r'rﬂ-é‘ 15 Jelayed unil the pn:s.em evile i completed |T.1mgmph 1.4

Address information is channeled to the address mux and RAN gencration logic via the address decode
line receivens a5 woom a5 il 15 wvailable on the bus. In socordance with the address spage pooupicd by the

module. 76 may kave modified sddress bits A 17 snd A S o provide MA 1T and BA o

17 RAS GENERATHMNN LM

The RAS peneration logic, shown im Tigure 3 B produces eipht Row Address Strobe ngnals (RAX
< T-0z= H). Tn w [ 28K memory, all 8 sipaals wre routed o the MOS slorape array by L6 inverting ling
drivers. The logic conluins 4 talch with trstate oulpuls (E38), o 38 devoder (L5 i, angd twe 2 | multi-
plexcrs {E5 and F&5), signals ADD LAT L. IM LAT L and BLT3 H are generaled by the timing
chain, The tristate outputs of £34 arc always cnabled sinee E3E pin 1 iz _gr-:-unded.

For a memory data cvcle, REF H and REF L are nepaled. With REF T neguted, the B inputs of the
mullipleasrs are selecred dmmg_ the entire cvele. Address information (NALT, NA LS and A 15) appears
al the decoder mputs before the uming chuim i tnggered and is [ached at a later time when 1M LAT L
15 asseried. When ADD LAT L1y wnseried, the decoder 15 enabled and | of R RAS H signals is asscrted,
enabling the [E-chip bank thet cenions the desired memory lecation for o dawa transter (Table 33
WIOS chips in the armay thal do nol receive the assered Row Addeess Strobe. do nol cyele intemal v,
remiElning o a low=pawer {standby r stacg,
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Table 33 RAS {Teneration

Memory Address Informativn Ansuciated
Bank NATTH [RAT6H | AISH | Row Address Strobe
D-16K LG LG LO RASOH

la MK Lo L& HI RAS1TH

12 d8K 1.03 HI 1.} RAas2H

J3-6dk L} HI HI HA%1H

64--R0K HI L Lo BAS4H

LI ] HI L3 HI RakaH

Be-LI2K HI T LC BEAS6H

LI2-128K [ HI HI HI BASTH

Far a refresh cyele, REF H and REF L arc assericd. With REF |, asserted, the decoder is disabled.
When DILT3 H is azscrted, the A ipputs of the muloplexers are selected and all esght RAS H signals are
asseried. Theretong, all the MA{IS chips in the storage array ate enabled for & refresh oyele.

1B ADDRESS MILIX

The address mux, shown in gsheet & of the prnt set. contains 3 octal latches with tristaee antputs (30,
E5T and E64). The appropriate lalch owlpuls are wire-ORed 1o produce seven address lines (AUX
AT 1= HY e, the three QO owipots ate wirg-ORed o prodoce MUX AL H. In a 128K memary,
the T address may autputs are ronted w the MOS siorage armay by 33 inverting line drivers. Signals

ADDLATL and ML 2 L oare generared by the timing chain wlich 15 triggercd by DL O H.

For a memory data cvele, REF H and REF L arc negated. The row address (A -07-012 Hyand col-
urnn address (A< 14 O8> Hiyappear at the inputs of E57 and E64 before the timing chain is tripgered.
With DL O H and DL 2 L negated, the tristate onrputs of EST arc enabled and therefore, the row
address is channcled to the MUX A~27 172 H lines as soon a8 it is reccived, The row address and cal-
nmn adadress arc lawhed in when ATYMY LAT L is assented b the mming chain, At the leadimg (falling)
cdpe of 2L 2 L. the oucputs of EX7 are disabled and E64 places the column address on-ling, The aal-
nmn adadress is thon removed from the mux oncpat lines at the waniing (falliag) edae of DL O H.

For a refresh eyele, REF H and REF [ arc asserted. With REF L assered, the owvtputs of E3T and E64
are disabled. The retresh address appears at the inputs of k30 before the refresh cyele is initiaocd,
¥When DL OH is assected, T30 vchennels the refresh wddress e the mux output lines.

39 DATA PATH CONTROL LOGIC

"The data path controf Iogic, shown in Figure 3-11, generates ninc <ignals that anrg used by other sectinna
ut the M5 11-1 w0 contrel the flow of data for memory duta cyeles and CSR dita cycles. An inpul Tur the
parity gen fcheck lngic and signals 35N L and BU 5 55V L ure aluo provided by the duga path con-
tra] Jogic. Timing For mermury dats cycles 14 shown in Figures 36 and 37 whale Figure 3- 12 shoows the
l.11'r1[:|'u.:i or the C5R dats -L'-.Ll.l'_"'i The dula path . drulputs are generated in aceordance with
Unitus special bus sipnuals, sddress decode simals and aming sipnals. Signals RETH, BEF L and
RET BUT L are asserted hy the tming losc for 4 tefresh evele only.
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Unihus.-“spccial bus sigaals CO, C1 and AW are decoded to determine che state of the wrire byte sipnals
{WTRT -2 1.0== H). excepr during a refresh cvcle (Table 343 In & 128K momony. four mi.-enmn- line
drivers route the write byvle sipnals Lo the A0S stoTwge array. The wrie bete smnal.-:-. specily a read or
wrie operation for the MOS LhiPE» i the array that are associated with cach bevte, The specified oper-
alaon 1% execuled by the 18-chip bunk tor which the Row Addrgss Serobe and Column Address Sunobe
arg agserted. Bus 51,|_1ua1 Clis also used to generate LAT C|H and LAT 0 L which are used elsewhere
in the data path control logic, Signal LAT €1 L s alse routed 1o the dais path cirenit. Nate that LAT
CLILLAT €1 ¢ and the write hyte signals are latched when D1 LAT L is asserted by Lthe timing chain.

Tuble 34  Write Hyte Selection

Data Bi Signals Write Brie Sigools

Tramafey BLT= BL'S | BLIS Effect nn MOS Storage Array

Type CIL COL | AL WTHT 1 H | WTBT 0 H| During ¢ Memary Data Cyele

AT Hl1 HI X LG L0} An eneire word {hits 17 00} 1% read
from the array

DATIPF HI Lo X L3 LA} Samecas 13ATI

1A LY HI X HIl HI An enbire word 15 wotten into the
weTELy

DATOR L L HI Ly HI "The low hyte {hits (F7-I0 and 16) is
writlen inko the array

13ATOH LL} L Lo HI LG The high byte (bils 153-0F and 17}
is werilten into the array

MNOTE

The MOS array stores 18-hit words. Bits 15-00 are data, and bits 17 and 16 are the associated parity it
generated iy the MS11-L.

To penerate the nine remaining ourputs, the data path control logic decodes the follewing signals:

LATCIL, LATCLH Denved [rom bus signal €21
CSRSEL L, CSE SELTIL MSYNH Address deveale sianals
DATOCENH DLTIH. DL 2 L. Timing chain sipnals,

DLT6H,.DL&L

Table 3-5 relutes firur muades of cperation LG the remaining data path control outputs, A ditferent com-
bination of aulpuls is asseried for each mode, The timing chain is not activated for CSR data cycles.
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Table 35 Operating Mode Selection

LAT LAT CSR SR
Cl 1 SEL  SEL | Sequence Asserted Nata Path
Mode H L H L Signal Lontral Qutputs
NATIAATIF (BN HI LY} Hi DATOCTENH + JDATAOCL
{Memory) DL2L . OUTEN L, OUT EN H.
FRYM L, BLUS55¥YN L
DATO/DATOR Hl LY 1O HI DITTH SSYNL. BUSSSYNL
(Momary)
DATI/DATIP [0} HI 111 Lo | - CGC L CERQC Lor
(IC3R) XADDOCT
MEYMNH t OUTENL,OUT LM H.
SSYNL,BUSSSYML
DATODATOR 1m 1.0 HIT 1.0 MEY M H - C5R PRCLK 1.,
SEYMN L BURS5YN L

NOTES
1. (3fenal} 7 = keading edge of asserted signal
{Signal) | = trailing edge of asserted signal

X In sceordance with the bus mode, the indicated edee of o sepenee signal tAppes the asserfion of
the associated conirod vutput(s). A conieod vatput triggered by a sequence sipoal remnins asserted
il the crauding (falling) wedge of MSYMN 11,

3 For g OSSR read operation, OSSR OHC L is asserted il it 14 in the CSR s o legical 0o X ATHD O
L. is anserted if hit 14 is & logtcal L. In either case OC L is asserted,

Alpnals DATA ML OC L, CER OC L and X ADTYOC L wre penerated by various gades in the dara parh
contral logic {Figure 3-11). These sipnals in conjunction with CGUT BN L are used by the data path cir-
cuit t¢ chanoel data to the bug from the MOS storage areay or TSR, The data path cirenic uses LA O]
L to channel data from the Bus to the MOE storage grray and OSSR,

Signuls OUT BN H and QLT EN I are generated by ip-tlop E34-A, For a memory read cyvele, a lop-
ival 1 is clacked into E34-A in accordance with 131 2 [ and [30T6 H. For 3 CSKE réad -.*:}ﬂc, E}dv.-’-. i5

set by @ negative pulse ar EApin [2 when M3YM H & asserlel. The OUT BN T1 sipnal = used by the
parity gen/eheck logic to initiate cerlain steps if a parity error is detected during v memury read cyule.

signal CER PRCLK L whach 15 asseried by E40 pin & duning s TSR wnle coycle fenertes bwo clock "U:'
nals tor the CSR, and sel: Aip-Aop E34-B. ule that fur a MEmUTY wrile L_‘_,-LJ.{: i Loygacal | 1s clocked 1nto
E34-8 at the leading {rising) edpe of DLTIL H.

Signals BUS 55YN L and 55YN L are asserted when the O owtpur of either B34-A ur -B poes high.
Therefore. although the timing s different, BUS 558%™ L and S5Y N L are susserted i all foor modes of
aperation. Cnee BUS 55Y L is asserted. (he bus master negales BUS M5YN L. Then BUS 558%YN L
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15 nepated smee F34-A and -E are cleared by M5YN H. The bus is now free for another data cyele.
Huwever, 11 the memory was just acccssed, ihe memory data cvele 15 a0l in progress. Bus mester avosss
tu the CER 15 imhibiled when [ 6 [ is asserted by the timing chain.

Fuor a refresh cycle, signuls REF L, RETF H and REF RUF L arc asscricd, The clock signals for E3d4-A
and -B are inhibited by REF L, E36 pin 815 held high by REF TL and DA77 O EN H s inhibited by
the timing logie, Therefore, the timing chaim has oo efect vn the data path conteel loge. Also. the wnte
byte signals are held low by REF BUF L. The 5K can be accessed ar any time during a refresh eycle.

310 DATAPATH

The dala path vircuil shown m Figure 3-13 eontans ling transecivers (8041s) for Unibus sspecial bus
darlir and three prowps of octal latches: data-in {E2, k4], data-onr {E26.F32) and CS5E-oul {ES,E14. E207.
These lalches have insiate putputs which are contralled by signals from the data path control lopic. Sip-
nal DELAT L is generated by the timing chain during a memery data cyvele,

When 4 TSR or memary wnite cycle (IYATO or IDATOR) s performed, LAT C1 L is asseried allowing
E2 and Ed o channel] the Unibus fspecial bus datg o the AT =015 002 H [ines, The DAT < 1500
H lines form an internal dats bus on the madule. For 3 CSR write ovcle, data is sicobead into the CSE
birs thal are used. For 4 memuory wnite eyele, duty is latched when 1M 1AT [ is asserted, tovo parity bits
are aeneraled, and the approprinle dala byie(s) und purty hitis) ame amitien into the MO8 storage
Array.

[Juting a memory Tead cyele [I]A Il o DYATIFY, DIATA (3T 1L s assorted cnabling the autputs of E 2
aned 1517, As soon ws dats is retrieved from the MOS stvrage array, it is channeled to the line truns-
ceivens. The parity of the dals & alw tecalenlared and compared o the pacty hits rettieved from the
array. Dala s then latched by B26 and 32 and plaved vn the Ln:lbu.w"*.]'.lmml bus when OUTT EM Ly
asserled. AL this tme, the parily penscheck logme miliales cerlain sleps 16 puanily ermor 1s delecled. Nuole
el the MOS sloraae acruy lolches the dale and parily bits that 1l supplees untl the Column Adadreess
sirobe & neguted by the umng chun.

The C5R-our lawhes, E14, E20 and B2 are contrelled by OC L, O3B OC L and X ADD GC L reeprec-
tively, When u CSR e wyule is pecfurmed, infocmution is channeled to the line trunsceivers by T 14
angl gither T30 or B2, andl 15 then pluced un he bus when GUT BN L is asserted. Crror address (nfor-
mation (ALT-A LD or data previous]y wren mbe the C5R 3 anslerred 1o bus data lines 11-05 via
EZ0 if bit 14 in the CO5R is a logical O {C5R OC L s low and X ADD QO L s high), Yia EY, error
address bits AZ1 ATY arc transferred o bus data lines OR-415 and Iogical ik are transferred to 11-09, {f
CHE R 14 05 & lopeal 1 CER OC i high and X A O L 3 a) Tn sither case, the temaiming
fuour hits thal wre wied in the TSR word ure trunsfecred 1o the bus via E L4 since OC L abways poes ow
for 0 TR read operaton. Five logical 08, whiclh correspond o latch enputs that are grounded, arc
placed co the dus for the unassizned bis, In Unibus operation, kit 14 in the CSR s foreed to lopical 0.

311 PARITY GEN/CHECK LOGIC AND CSR (Figures 3-1d and 3-15)

J1L1 Parity Geoeration

The parity penscheck logic nses two TdS2R0 chips (1256 and E&3) to penerate two parily bits for data on
the DRAT = 15-0002= H lincs, A signal derived from (CSK bit 2. amid one duala byee are applied w cach
chip. The pavity bils are designated bit 17 (assigned w the high byle) and bil 16 {sssigned o the low
brele). Bile 17 and 16 are routed to the MOS storage armuy by the FOUITH and FDIIS H Lincs, For a
memury write cvele, data fram the Unibesspecial bus is chunneted to the DAT =013 002 H lines and
Lalched. Tle appmpnatc data byte(s) and wssigned parily bit(s) are then written into the MOS storape
urris,
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The outputs of E36 und E63 are determined by the awmber of logival s (high signalz) in their respec-
tive S-hit inputs, The parity calculubion 3s controfled by hit 2 in the TSR, IT CSR hit 2 is a logical 13,
CSRO2 L ws negated and the parity that is calculeded i cormect {each parity bif reflects the number of
logmesl Isin the corresponding data byte). Odd paritly is caleuladed to pr-:udﬁ.:n: bit 17; even parily s cal-
culated ba produce bit 16 For an odd (even) punity ealeubation, the parity bil i sel or clearcd so that the
lota] number of logical 1s is odd (ewen) ance the parity bit is added 1o the dula hyte If CSR hic 2is a

h—'ﬁiﬂﬂl 1, the wrong patity is caleulated yielding parity bits that are inveried with respect e their correct
YHALES.

A.11.2 Purity Check

The purity genscheck logic uses 1woe 745280 chips (E42, E49) and three pates w determine il the purity
Is correct fur both bretes retrigved from the MOS slorupe arruy. I'or the high byte, ndd paricy is coreect!
for the low bye, even penity is cotrect

Lrring & memory read cycle, iming signals DL 6 L and DLT6 H are already wsserted when the data
and parity bits stored in the array become availsble. Hach data byte with Bls associated parily bil is
appiied to one 745280 chip (E42 or F49). The odd outpul of B42 or E44 15 high (low] it the oumber of
lrgecal |5 in the 9-bic input is odd {even). Signul PAR FRR H s suserted if the parity of ong or bath
brvles 18 ot COTTOR,

31L3  Parity Error Reaction

Sipnals PAR ERR H. PAR ERR CLK Hand PAR ERR CLK L are used bo initiade certain steps il a
purity error is detected during A memory read cycle {Figure 3-14), For a mematry read cycle, CSR SEL
L and REF . are negated and PAR ERR H is already valid when OUT EN L and OTT EN T are
asserted. Y PAR ERR H is high findicating a parity ereor), E33B is set voce OUT EN IT is asserted and

therefore, PAR ERR CLK H and PAR ERR CLK L are asserted. The parily error reaclion is eaeculed
a4 fellovwrs:

L. With PAR ERR H high and OUT EN L low, BUS PB L is asserted on the Unibus /special
bus if CSR bid 0 is set (CSRO0 H is high). The linc transceivers for daw aswell as BUSPB L
are enabled when OUT EN L goes lw. Signal FAR KRR H iz held high as long 13 PAR
ERR CLK L i asserled.

i Sipnal PAR ERR CLK L. when asserted, sets E33-A (bit 15) in the CSR (Figure 3-15), The 4}
autput of E33-A then torns on a red LED (B3 on the modute.

3 The assertion of PAR KRR LK I also causes CHE CLK L to go low which in tumm strobes
error address bits A 17-A 11 immte the CSR. (Sinee CSR 5EL Lis nepated, the A2-D2 imputs wf

L2101 and E27 are selected for storage when the clack pulse i received.)

4. Signal PAR ERR CLK H, when asserted, strobes ermor address bics A21-4 18 inda E 1ihof the
CSR. For Unibus operstion, logical 4 are strobed into E10 for A2 1-A 8, sinee the corme-
spunding line receiven have been disabled.

J1L4 CSR Access

The SR has its own address in the top 2K of the Unibus ur special bus address spase and gan be read
or written inte by any device desiprated as bos master, even during 3 memory tefresh cycle. The
address decode logic enables bus masier aceess o the 3R by asserting C3R SEL H, CSR 3EI | and
then MEYN H.
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IT bus sipnals C0 and C1 specify a write cycle (DATD or DATOBY, data From the bus is channeled o
the DAT-=2 15002~ H lines. When M5YN H is asserted, the data path control logie asserss C3R
PRCLEK L which in turn gencrates fwo CSR clock signals that strobe the data imto the CSR (Figure 3-
15). The leading (rising) edpc of CSR CLK H sirobes data biis 13, 14, 02 and (0 into the C5R. Hee-
ever, for Uinibus operaton, CSR14 H (bit 14) is held low {Jogical 0}, since UNIB L is asscrted. The
leading (falling) cdge of CSH CLK [ strobes data bits 11-03 inte the C5R, singe CSR SEL L is
asserted. (Data and errar address informatien arve present ar the inputs of E21and E27 but the asserred
SR BEL L signal selects the daa mnputs for storape when the clock sighal is received.) A TSR wrile
cvele desteows any ereor Address birs previousty stored in E21 and E27; however, E 10w nol affecied.

Ifa read eycle (AT or IDATIP)is specificd, information from the SR is channeled via the data path
cireuid B the bus. The infrrmation placed on the bus for bits 11-03 is determined by the data path con-
{rol logic in wecordunce with CSR bl (4. The contents of E2 1 wnd E27 are retoeved i hit 14 is a logical
(0 the conrents of E10 are retrieved if bit 14 is a logical [ In either case, the contents of E 15 and [E33-4
are retriescd and unassigned bits in the C5R word are read as logical Gs.

CSE bits 15, 14, 02 and W are clewred by the wssertiion of BUS TNIT L. Thiz signal is asegrted for 8 shom
lime by the processor aller syslem power-up uT 10 response to a reset instruction. The MS11-1 s pre-
vented from accidenrally asserling BUS PB L {indicating o panly eroc) before the frst memary read
¢ycle, The penecation of correct parily fur the lrst memuory wite cvele 1 ulso ensured.
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CHAPTER 4
MAINTENANCE

4.t GENERAL

This chapter discusses prevenlve and comeclive muntenance procedures that apply to all versioms of
the M511-L memory, A major poind in the maintenance philosophy 1= thet the wser understanudy the
normal operation of the MS11-L as described in the previous chapters, This knowledze and e
mainlenance information im this chapter shouwld cnable the vser to isolate malfunetions.

Two pieces of equipment are recommendsd] [or checkmp and (reubleshooting the memory: the Tek-
tranix 453 Thaal Trace Orscilloscope {or equivalent) and the Weston Schlnmberger Model 4443 Digical
Yolmeter (or equivalent) wich 3% aceuracy,

All tests and adjustoncnts must be performad inan ambicnt iemperature range of 207 to M O {65 w
R&™ F L All power {and the battery backup) must be OFF before nstalling or removing modules. Whea
the green LED on the M3 11-L module i3 OFF, ir is safe 1o proceed.

42 PREVENTI¥YE MAINTENANCE

Prewentive maintenance consists of speciflc tasks, perfotmed al infervuls, fo detect comdibons thal lead
tor subsequent performance dererioration or malfunction. The [ollowing lusks are considered pre-

ventive maintenance and may be performed along with other scheduled prevenlive meinlenance pro-
vedures for the computer system.

1. ¥isual inspecticn
A Vaoltage measuremenis
3 MAINDEC esling

411 ¥isunl Inspection
Visually inspect the modules and backplane for broken wires, connectors, o other obvious defects,

4.1X2 Yoltage Measorements

Umnee primary power has been turned on, the do power vollapes listed Below sheold he checked at the
hackplane.

Yoltape and Tolerance Backplaoe Pinis)
+3V = ¥4 maxripple = 0.2V P AL BA2 CA2
+ 5V BPL = 5% muanpple = 32V pp BRI

ponly if jumper W7 is TN and W3 OUT
on the module)

+153Y & 10, 33%or +12W 4 5%, AR
max Tipple = 1V p-p

-15% + 1for -12W + 105, ASI
max ripple = 1% p
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423 MAINDEL Testing

The follewing diapnostic program should be used with the M511L: (128K Memory and Memory Pa-
rity Exerciser (MAINDEC- 11-CZ0MC). To verify proper operation of the memory, mn two pusses uf
the diagneste. Mo erpors are permilted. Also, verify that the program printout agrecs with the tolul
imemory in the svslem.

NOTE
The MAINDEC-1-LZOMC diagonostic is com-
patibe with a 4K I/0D penipbienil page only (Para-
graph 1L.Z.1.2}

43 CORRFCTIVE MAINTEMNANCE

This paragreph discusses procedures for specific onmective maintenanee of the M311-L, If a preblein
hus been molated to the MS11-L, the had memory showndd be replaced with a new memeory module and
then Lhe syxlem should be retested. The MAINDELC-11-CAQMO diagnostic showld be used for faull
1suliaben {P'drut,ru]:lh 4.2.3). [n most cases, 8 bad memoery module can he detceted by ucilizing the error
prinieul und program hsting. Troubles h-;mrmg pmc'crlur-:-i. presended inothe fotlowing parapgraphs, can
be wied n additicn o MAINDEC testing or if the diagnostic program cannct be loaded, It is assumed

thal a visual mspection and voltape measurements have already been carried out as specified in Taru-
graphs 4.2, 1 aml 4.2.2,

The fellowing paraprapi also assume thul the sturting address of the M5 1-L s assigned o (00000, 11
any other starting address is used, the operator stould medily the following procedurss as appropriale.

4.31 Initial Check

Load addresy (HOMKK) via the switch regeiter or input device. 7 the adidress can be lowded (1.2, Lhe
proper adidress 15 displeyed L exemine the contents of bocebon 0. Then, the contents of the C5R should
he exsmmned. TF both address 0 and the OS8R do oot respond (e, the M3 1-L does not retum BUS
S5YM L) ic s lakely thud a Faolt exists o the daie path contoel logc (F:l_L.ure 311}, or MEYN H (E61-3
i nol reasting properly 1o BUS MEYN L. The address decode logic 1 probably faulty il only address 0
can he H.LLI:'-:'-II:IL{ the address decode logic or uming leeic may be at fault if I;‘lﬂl"r the C3R can be
aviessed.

432 Address Decode Check

Towitr lest points ace provided to check the address decode loge: ©5R SEL L (TF. 161 und MEM RE()
L{(T.F. |5} Load the C5R address. and check CSR SEL L (T.I* 16} with an asciloscope. The sipnal
stweuld e low indicating that the address on the bus marches the assigned CSE address: its failure pre-
vints the bus mascr rem accessing the TSR, Examine address 0, and check MEM HECY L (T F. 15)
with an oscilloscope, The signal should go low approximately 30 ns after BLIS MSYN L is asserted aml
should sty |l until SSY¥NL 6 asserted (about the samne lime BUS 55T L is returned b Signal MEM
KED L s “msed G initiate 4 memery data cvole and its failure prevenrs the bus master from accessing
the MOS storape array. [P MEM REQ L does not pa low. load address 0 and sheck the inputs of E5%
whivh #re combined 1o generate MEM RE( L {Pacagraph 3.4% Notwe that M3YMN H should be low
simoe BITS MSYN L is negated for a load address operation.

433 Timing Logic Check

The timing logic penerates a sequence of signals that causes the exeoution of a memory dula cycle or fe-
leesh oy cle. With the processor halted, check DM, H {1.P. 3) with an oscilloseope. The sigmal should be
a 230 ns positive pulse which should appear coce every 14,5 ps fonee for cach refresh eyele). Signal DL
011 is the inpul Lo the delay Bne which generates the timing chain: its failure prevents the bus master
From accessing the MOS slorape atay, and prevents the excoution of a memaory relresh cyele, Note that
4 significant devietion in the pulie width of DL 0 H changes the timing of 4 memory date cycle or re-
[resh cyele, and may result in malfunction of the MS11-L.
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IroL OH s right.. the following timing pulses should appear during a refrssh cyele: ADD LAT L,
DLTIH, DL2L, LT3, PLTSI aml DL 6 L {Figure 3-5). However, except for DL T3 H, the cffect
of thess iming pulses on the memory fogic is inhibiled during a refresh cycle. Momory signals that are
upplicable to 4 refresh cycle are shown in Figure 3-8; memory signals that are applicable to the datw cy-
vles wre shewn in Figures 36 and 3-7, 1P DL U H has failed, cheek TP, Aband also refer o the refresh
lupic check {Paragraph 4,5.4), Test paint T.P, 20 should be fugh aslong as + 3 ¥ or +3 ¥ BBL poser is
applied 1o the MS511-L (Paragraph 2.2. 1.4} Signal DL OH is inhibited if 1°.P, 2tis lowr. Note that it T.F.
201 low and the green LED is ON, the M511-L should be replaced.

434 Refrosh Logic Cheek

Check the stgnal ad TP 18 wath an ascilliscope (sheet & of the print se1). This sipnal should oscillare
with u period el whoul 145 ps and shoold have o neguvve pobse width of ubout 6 ps doring each peried,
A refresh cvele canmisl be inilisted 16 this sipnal 15 absent and therefore, 1ks Tolure can result in the m@n-

dom Loss of data in the MOS stotape array. Alio check the onrputs of the refresh address connrer (E43)
o ensure that i is imcrementing.

435 Datu Shorts Check

Using memory location (000, check for data ine shoes by depositing and examiming successively the
t'n]lwmgdat’wﬂ:rrds ODOCKIT, CCNONZ, EICNNS, OFRI 10 (O, OO0, 0061 100, OO0, D000, O 1000,
D200, D000, O LOMMN], OO0, (MEXHE TWHOCHKL 1f o prohlems are found. check the addreess qecwiny.,

438  Address Clircuits Check (A14-A01)

To check the address cirewts, proceed as follows,

1. [Deposit daa word GONKHE in the following locations: (OO00CN, COOMRZ, (XHKHR, DOOGTR
CNRONTZE, THOHME (OO, CFWIZO0, THONRIENE, OETONNY, (NI, DOKNE, DVIONGY, Q200NN DRI,

2 Deposic TPTITT in location COOCCL

3 Examine location OGO, The datd should be (OO a8 deposited in Step 1 If the data is
1T, the currendy set address bic is stuck low or high, or shoerted w a previons address bit,

4. Depeat 777777 m location (O

4, Examine lockiion O00HM. The daa should be D000, a5 deposited in Step 1. H the data is
T the cnreendy set address bt i3 stuck low or high, or shorted 1o @ previons address bir.

6. Curry on the sequence begun in Scep 2 {i.e., locatiom (KNKN04 i5 next).

417 Toggle in Memory Test

Fhis test writes s, wrikes Is, reads Ls, wrikes (s, and reads Os in a piven location, It then decremenis the
address and repeats the above process over o piven address ranpe. Loal the progrum strting ol address
10003, et the top address to 10000 and the borom address 1o 0. This will check memury aver the
tirst 16K, I this rest is successful. load the program starting al address & Ser the fop address to 177776,

Bef the botwom address o 100000, This will check memeory over the second 18K, where the absolute
loader will reside.
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Ril = Highest Address
E1 = FLowesl Address

o OIZT00 WOV % TOF ADDRESS. R
2 TOP ADDRERS
4 Q127N MOV & LW ADDRESS RIE
& LOW ADDRESS

10 S0 A CLE -(R0O)

12 05110 COM (RiB

14 022710 CMP = 1TTT77, (RO}

L& 17371

2 001003 BNER

22 OSLIG COM (RO

24 01003 BNEH

2 (20001 CMP RO, R

30 (¥11363 BNE A

3 LLELLY HALT:  ;testcompletc

34 LLELLY B: HALT:  jermar

I¥ o ereor is found. the program stops at location 32 IF un error ovcurs. the program swps at location
34 and the Failing address is contained in RO



APPENINX A
IC DESCRIPTIONS

This sppendix contains descriptions of seversl integeated circwirs (TCs) wied in the BIS]-L. The [Cs
Uescnbed ure Listed below.

T4L5353 Draal 4-Bit Binary Connter

TAlL5ES 4Bit Maghitmde Comparatar

T45 2R} W Bir (udd rEven Panty CGrenerator /Checker
TALSIVR Cruad 2:1 Multiplexer with Storage



T4L5393 DUATL 4-BIT BINARY COUNTER

QUTPUTE
o A
i L]
Ver 2A CLEAR 20, 20y 205 2
14 13_1!2|_11_1u_g g
Ha g Ui On
CLEAR 2
>
o
CLEAR a
Qg Op O, Oy
1 [ tal 15|~ 7
14 1 s 10y 10 0 GND
CLEAR 1 " -
OUTPLTS

HIGH IMAUT FO CLEAR RESETS ALL FOUR DUTPUTS LOW.
MEGATIVE EDGE OF INFUT TL1 A" INCREMENTS THE COLNT,

COUNT SEQUENCE
tEACH COUNTERI
QUTPUT
COUNT
i Lo fL]tL
1 L{L|L]|H
b L. IL|H]|L
a Lf{L|H]|H
a L{H|LlL
5 L{HJL]H
G L |HEHJ L
¢ (L |HlH]|H
B HicfLyL
o H{L{|{L]|H
10 H|L|[HY{L
11 H|L|H|[H
52 H{H|L]|L
13 H|H]L]|H
12 AlH|lHw]|L
15 AlH|[H]|H

3. 5090



7T4L5E5 4-BIT MAGNITUDE COMPARATOR

a1
B3
1513
14 B2 A=8 L
i B
21 a2 nepp2
T
11 {1 A<H G—
SR 14 Y
— B%lea
L1 PP
L E ] E ITH=
|ﬁ4 |'33 lﬂ'E
YOO = PIN 16
GHD= PIN 28
TRUTH TABLE
|_ COMPARING CASCAL MG
|'; INPLITS INPLITS QUTPUTE
Ig: Al B3 A2 B2 A1, 81 Al BO IN = IMN < IN=1 &A>=B AT B A=B
530~ B3 X X X X = A H L L
Ad < B3 X X X ¥ X X L H L
A3=H3 A = B2 X X I X = _ H L L
A3-B3 A2 B2 X, X * X a L H L
A3=H83 Ad= B2 Al=81 ¥ u ¥ k4 H L, L
AZ=-B3 L2 - B2 A1 <A1 X u X = L H L
A% = BF A2=-BZ A1=01 | AQ>BD X X K H L L
AZI=B3 hd=582 Al=H1 I' A0 - BO = kS X L H L
A3=B3 a2=E2Z A1 -B1 AL = BR H L L H L L
A5 =B a=HZ a1=81 Ag = B0 L H L L H L
AZ-EB3 A2=H2 &1 =581 Ad=EBO L L H L L H
|
WOTE. H= high lawel L = hiw |zl X = jrozlesant
IZ - TREDR

A3



745280 91T ODD/EVEN PARITY GENERATOR/CHECKER

2 lma

—— [I1

INPUTE < amtZ |, T4B2EC

—Dd s [}
— 1pr EVE™

GHR&N T
VEC=FIM ¥4

IC- 742380

A



F4LEME QUAD 2:1 MULTIPLEXNER WITH STOEACGF

FLBCTIGH TABLE

INFUTE QTR
WO
EELECT CLEGEH Ou Qo wu; 0o
L 1 ) I ™ B |
H 1 aF nd [+ Az
* I Qnp imoe Gco M

H = dghi ldapH fHepady nary

L =l Il ety e

X o jrralsrsm oy Inpet. Induding cramHiznd
I =cmmmhon lImm hgh o low el

ol . vin, o ey lrvw? ol smssd v alete irped ol 807, 00, wic,
Oary. T w18, = th lewrd off Q. 0. #7e. imiveid 1m Lhe

PEFRT-TATT | Elialialei ' Thet cliwds wijmar

0L gy
p s BaTh
1 FOHE upaT
Ve Rg p Oc Op CLOCK SCLEGT [
18 15 14 | 1-i| 1k i11 | 10 a
o op G Op é wI
“ K
R3 o
ad L1 E1 ] u} ] al

_11'": ;.|4.| & |s| '-'|B|
az a2 al e ] F] [ud] SND
LN _— A
TR
Co & INPRITE
linpe- s Furecll e weble
Al
wome e
AELEQT L~
B Oy ——eeas dig
a L - ) | —r oK
|
]
_{>_4 L—1 I
. I
Bl s, 5 :
ey 5
1 14
A D e
1
o — - —— m
|| |
! 13
= A
13
=} — > e
m—— R
B ap L3 am
g i
02 e | L o e
J_""'_I_ A
11 -D_ |
CLOC K an
—¢:- v+ - Dhmarlc Wfar wresiie by w 2inslicn amoe bgh L
Iu vl [wml
143 720
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M511-L MOS MEMORY TECHNICAL MANUAL Render’s Comments
EK-M51 1L THM-00!

Your comments and suppestions will help us in cur confinpous effort to improve the quatity and usefulpess of our
publications.

What iz vour gencral rgaction 1o this manual! In vour judgment is it complete, accurate, well organized, well
written, ete.? |5 11 ewsy Lo use?

Whar featwres are moesi wsebul?

YWhat Faulls or ereors have you feund in the mandal?

Do this manual satisfy the need vouo think it was intended to satisfy?

Mags it satisty your needs? Why?

B Pleasc send me the current copy of the Technival Docementation Catalog, which containg information on
the remainder of DIGITAL' technical docyumentation.

Mame Street

Title Cily

Company State Country
Department Fip

Additional copies of 1hiz document aré yvmlable from:

Digital Equipmenr Corparation
Sunplics gnd Accessorizs Group
0 Cotlon Read

Nashua, Mew Hampshire

Order No. ER-MS1 1 L-Th-00L
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